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PACKAGE STRUCTURE AND
MANUFACTURING METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation application of and
claims the priority benefit of a prior application Ser. No.
16/944,102, filed on Jul. 30, 2020, now allowed. The entirety
of the above-mentioned patent application 1s hereby incor-
porated by reference herein and made a part of this speci-
fication.

BACKGROUND

The semiconductor industry has experienced rapid growth
due to continuous improvements in the integration density of
a variety of electronic components (e.g., transistors, diodes,
resistors, capacitors, etc.). For the most part, this improve-
ment 1n 1ntegration density has come from repeated reduc-
tions 1n minimum feature size, which allows more compo-
nents to be imtegrated into a given area. As the demand for
mimaturization, higher speed and greater bandwidth, as well
as lower power consumption and latency has grown recently,
there has grown a need for smaller and more creative
packaging techniques of semiconductor dies.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
teatures may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1A to FIG. 1G are schematic cross-sectional views
illustrating a manufacturing process of a package structure
in accordance with some embodiments of the disclosure.

FIG. 2 1s a schematic partial top view of the wiring
substrate and the reinforcement structure 1n FIG. 1B.

FIG. 3 1s a schematic cross-sectional view illustrating an
intermediate stage of a package structure 1n accordance with
some alternative embodiments of the disclosure.

FIG. 4 1s a schematic partial top view of the wiring
substrate and the reinforcement structure i FIG. 3.

FIG. SA to FIG. 5G are schematic cross-sectional views
illustrating a manufacturing process ol a package structure
in accordance with some alternative embodiments of the
disclosure.

FIG. 6A 1s a schematic partial top view of the wiring
substrate and the reinforcement structure in FIG. 5B.

FIG. 6B 1s a schematic partial top view of the wiring
substrate and the reinforcement structure i FIG. 5B 1n
accordance with some alternative embodiments of the dis-
closure.

FIG. 7 to FIG. 14 are schematic cross-sectional views

illustrating package structures in accordance with various
embodiments of the disclosure.

DETAILED DESCRIPTION

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
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examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed 1n direct
contact, and may also include embodiments 1n which addi-
tional features may be formed between the first and second
teatures, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itsell dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper”’ and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device 1in
use or operation 1n addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Other features and processes may also be included. For
example, testing structures may be included to aid in the
verification testing of the 3D packaging or 3DIC devices.
The testing structures may include, for example, test pads
formed 1n a redistribution layer or on a substrate that allows
the testing of the 3D packaging or 3DIC, the use of probes
and/or probe cards, and the like. The verification testing may
be performed on intermediate structures as well as the final
structure. Additionally, the structures and methods disclosed
herein may be used in conjunction with testing methodolo-
gies that incorporate intermediate verification of known
good dies to increase the yield and decrease costs.

FIG. 1A to FIG. 1G are schematic cross-sectional views
illustrating a manufacturing process ol a package structure
10 1n accordance with some embodiments of the disclosure.
Referring to FIG. 1A, a carrier C 1s provided. The carrier C
includes, for example, silicon-based matenals, such as a
silicon substrate, a glass material, silicon oxide, or other
materials, such as aluminum oxide, the like, or a combina-
tion thereof. In some embodiments, the carrier C 1s 1n waler
form. For example, the carrier C has a circular shape.
However, the disclosure 1s not limited thereto. In some
alternative embodiments, the carrier 1s 1n panel form. For
example, the carrier C has a rectangular shape. The carrier
C may be planar 1n order to accommodate the formation of
additional features subsequently formed thereon.

As 1llustrated 1n FIG. 1A, a redistribution circuit structure
100 1s formed on the carrier C. In some embodiments, the
redistribution circuit structure 100 includes a plurality of
dielectric layer 102, a plurality of conductive pattern layers
104, and a plurality of conductive vias 106. In some embodi-
ments, the dielectric layers 102 and the conductive pattern
layers 104 are stacked alternately. On the other hand, the
conductive vias 106 are embedded in the dielectric layers
102. In some embodiments, the conductive pattern layers
104 are interconnected with one another through the con-
ductive vias 106. For example, the conductive vias 106
penetrate through the dielectric layers 102 to connect the
conductive pattern layers 104. In some embodiments, each
conductive pattern layer 104 includes a plurality of conduc-
tive patterns serving as redistribution wirings. In some
embodiments, the conductive patterns of the topmost con-
ductive pattern layer 140 shown 1n FIG. 1A may be referred
to as “conductive pads.” In some embodiments, the conduc-
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tive pattern layers 104 transmit signal horizontally and the
conductive vias transmit signal vertically.

In some embodiments, a material of the dielectric layer
102 includes polyimide, epoxy resin, acrylic resin, phenolic
resin, benzocyclobutene (BCB), polybenzooxazole (PBO), 5
or any other suitable polymer-based dielectric material. In
some embodiments, the dielectric layers 102 includes resin
mixed with filler. The dielectric layers 102 may be formed
by suitable fabrication techniques, such as film lamination,
spin-on coating, chemical vapor deposition (CVD), plasma 10
enhanced chemical vapor deposition (PECVD), or the like.

In some embodiments, a material of the conductive pattern
layers 104 and the conductive vias 106 includes aluminum,
titanium, copper, nickel, tungsten, or alloys thereof. The
conductive pattern layers 104 and the conductive vias 106 15
may be formed by electroplating, deposition, and/or photo-
lithography and etching. In some embodiments, the conduc-
tive pattern layers 104 and the underlying conductive vias
106 may be formed simultaneously. It should be noted that
the number of the dielectric layers 102, the number of the 20
conductive pattern layers 104, and the number of the con-
ductive vias 106 illustrated in FIG. 1A are merely for
illustrative purposes, and the disclosure 1s not limited
thereto. In some alternative embodiments, fewer or more
layers of the dielectric layers 102, the conductive pattern 25
layers 104, and the conductive vias 106 may be formed
depending on the circuit design.

In some embodiments, the redistribution circuit structure
100 has a first surface 100a and a second surface 1005
opposite to the first surface 100a. As illustrated 1in FIG. 1A, 30
the second surface 1005 1s attached to the carrier C. How-
ever, the disclosure 1s not limited thereto. In some alternative
embodiments, a release layer (not shown) and/or an adhe-

sive layer (not shown) may be interposed between the
second surface 1005 of the redistribution circuit structure 35
100 and the carrner C.

In some embodiments, a plurality of conductive coatings
200 1s formed over the redistribution circuit structure 100.
For example, the conductive coatings 200 are formed over
the topmost conductive pattern layer 140. That 1s, the 40
conductive coatings 200 are formed over the conductive
pads. In some embodiments, the conductive coatings 200
include solder material. In some embodiments, the conduc-
tive coatings 200 are formed through a printing process of
pre-solder material. 45

In some embodiments, a plurality of reinforcement struc-
tures 300 are also formed over the carner C. In some
embodiments, each reinforcement structure 300 includes a
plurality of reinforcement pattern layers 302 and a plurality
of reinforcement vias 304. As illustrated in FIG. 1A, the 50
reinforcement structures 300 are partially embedded 1n the
redistribution circuit structure 100. For example, the rein-
forcement pattern layers 302 of the reinforcement structure
300 and the dielectric layers 102 of the redistribution circuit
structure 100 are stacked alternately. On the other hand, the 55
reinforcement vias 304 penetrate through the dielectric
layers 102 to connect the reinforcement pattern layers 302.

In some embodiments, each reinforcement structure 300
exhibits a ring shape from a top view. For example, each
reinforcement structure 300 1s formed to surround the con- 60
ductive pattern layers 104 and the conductive vias 106 of the
redistribution circuit structure 100.

In some embodiments, the redistribution circuit structure
100 and the reinforcement structures 300 are simultaneously
formed. For example, the conductive pattern layer 104 and 65
the corresponding reimnforcement pattern layer 302 located at
the same level height are simultaneously formed. Similarly,

4

the conductive vias 106 and the corresponding reinforce-
ment vias 304 located at the same level height are also
simultaneously formed. Since the redistribution circuit
structure 100 and the reinforcement structures 300 can be
formed through the same process, formation of the rein-
forcement structures 300 1s compatible with current process
and does not increase additional fabrication cost.

In some embodiments, the reinforcement structures 300
are made of conductive materials. For example, the rein-
forcement pattern layers 302 and the conductive pattern
layers 104 are made of the same matenial. Similarly, the
reinforcement vias 304 and the conductive vias 106 are also
made of the same material. However, the disclosure 1s not
limited thereto. In some alternative embodiments, materials
of the remnforcement pattern layers 302, the conductive
patterns layers 104, the reinforcement vias 304, and the
conductive vias 106 may be different. In some embodiments,
the material of the reinforcement pattern layers 302 and the
reinforcement vias 304 includes aluminum, titanium, cop-
per, nickel, tungsten, or alloys thereof. The reinforcement
pattern layers 302 and the reinforcement vias 304 may be
formed by electroplating, deposition, and/or photolithogra-
phy and etching. In some embodiments, the reinforcement
pattern layers 302 and the underlying reinforcement vias 304
may be formed simultaneously. It should be noted that
although the reinforcement vias 304 located at different level
heights are 1llustrated as stacked on one another i FIG. 1A,
the disclosure 1s not limited thereto. In some alternative
embodiments, the reinforcement vias 304 located at diflerent
level heights may be arranged in a staggered manner.

In some embodiments, the reinforcement structures 300
are electrically floating. For example, the reinforcement
structures 300 are electrically 1solated from other compo-
nents 1n the redistribution circuit structure 100 and other
components 1n the subsequently formed package structure.

Referring to FIG. 1B, a plurality of wiring substrates 400
1s mounted on the first surface 100a of the redistribution
circuit structure 100. In some embodiments, each wiring
substrate 400 1ncludes a core layer 401, routing structures
420, 430, and a plurality of through vias 440. In some
embodiments, the core layer 401 includes a pre-impregnated
composite fiber (prepreg) material, an epoxy, a molding
compound, Ajinomoto build-up film (ABF), an epoxy mold-
ing compound, fiberglass-reinforced resin materials, printed
circuit board (PCB) matenals, silica filler, polymer mater-
als, polyimide materials, paper, glass fiber, non-woven glass
fabric, glass, ceramic, other laminates, the like, or a com-
bination thereof. In some alternative embodiments, the core
layer 410 may be a double-sided copper-clad laminate
(CCL) substrate or the like.

As 1llustrated in FI1G. 1B, the routing structure 420 and the
routing structure 430 are disposed on two opposite sides of
the core layer 410. In some embodiments, the routing
structure 420 includes a plurality of dielectric layers 422, a
plurality of conductive pattern layers 424, and a plurality of
conductive vias 426. In some embodiments, the dielectric
layers 422 and the conductive pattern layers 424 are stacked
alternately. On the other hand, the conductive vias 426 are
embedded in the dielectric layers 422. In some embodi-
ments, the conductive pattern layers 424 are iterconnected
with one another through the conductive vias 426. For
example, the conductive vias 426 penetrate through the
dielectric layers 422 to connect the conductive pattern layers
424. In some embodiments, the dielectric layers 422
includes a build-up material, ABF, a prepreg matenal, a
laminate material, or a solder resist material. Alternatively,
the dielectric layers 422 may be made of polyimide, epoxy
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resin, acrylic resin, phenolic resin, BCB, PBO, or any other
suitable polymer-based dielectric matenial. The dielectric
layers 424 may be formed by suitable fabrication tech-
niques, such as lamination, spin-on coating, CVD, PECVD,
or the like. In some embodiments, a material of the conduc-
tive pattern layers 424 and the conductive vias 426 includes
aluminum, titanium, copper, nickel, tungsten, or alloys
thereol. The conductive pattern layers 424 and the conduc-
tive vias 426 may be formed by electroplating, deposition,
and/or photolithography and etching.

In some embodiments, the routing structure 430 includes
a plurality of dielectric layers 432, a plurality of conductive
pattern layers 434, and a plurality of conductive vias 436. In
some embodiments, the dielectric layers 432 and the con-
ductive pattern layers 434 are stacked alternately. On the
other hand, the conductive vias 436 are embedded 1n the
dielectric layers 432. In some embodiments, the conductive
pattern layers 434 are interconnected with one another
through the conductive vias 436. For example, the conduc-
tive vias 436 penetrate through the dielectric layers 432 to
connect the conductive pattern layers 434. The dielectric
layers 432, the conductive pattern layers 434, and the
conductive vias 434 of the routing structure 430 are respec-
tively similar to the dielectric layers 422, the conductive
pattern layers 424, and the conductive vias 424 of the
routing structure 420, so the detailed descriptions thereof are
omitted herein.

In some embodiments, the through vias 440 are formed to
penetrate through the core layer 410. For example, the
through vias 440 penetrate through the core layer 410 to
clectrically connect the conductive pattern layers 424 of the
routing structure 420 and the conductive pattern layers 434
of the routing structure 430. In some embodiments, a
material of the through vias 440 includes aluminum, tita-
nium, copper, nickel, tungsten, or alloys thereof.

In some embodiments, a plurality of external connectors
(not shown) 1s attached to the outermost conductive pattern
layer 434. The external connectors may include solder posts
or solder bumps arranged in array. Subsequently, the wiring
substrates 400 having the external connectors formed
thereon may be placed over the first surface 100a of the
redistribution circuit structure 100. In some embodiments,
the wiring substrates 400 may be placed through a picked-
and-placed process. In some embodiments, the wiring sub-
strates 400 are placed such that the external connectors are
attached to the corresponding conductive coatings 200.
Once the external connectors and the conductive coatings
200 are 1 physical contact, a reflow process 1s performed to
bond the external connectors and the conductive coatings
200. For example, after the reflow process, the external
connectors and the conductive coatings 200 reshape together
to form conductive terminals 210. In some embodiments, the
conductive terminals 210 connect the wiring substrates 400
and the redistribution circuit structure 100. For example, the
wiring substrates 400 are electrically connected to the con-
ductive pattern layers 104 of the redistribution circuit struc-
ture 100 through the conductive terminals 210. As 1llustrated
in FIG. 1B, after the wiring substrates 400 are mounted on
the first surface 100a of the redistribution circuit structure
100, the reinforcement structures 300 are spaced apart from
the wiring substrates 400. The relative configuration of the
wiring substrate 400 and the remforcement structure 300
will be described below 1n conjunction with FIG. 2.

FIG. 2 1s a schematic partial top view of the wiring
substrate 400 and the reinforcement structure 300 1n FIG.
1B. Referring to FIG. 1B and FIG. 2, sidewalls SW,, of the
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structures 300 along a direction D1 perpendicular to the first
surface 100a of the redistribution circuit structure 100. For
example, when the first surface 100a of the redistribution
circuit structure 100 extends along a direction D2, a vertical
projection of the wiring substrate 400 onto the reinforcement
structure 300 along the direction D1 1s partially overlapped
with the reinforcement structure 300. That 1s, the reinforce-
ment structure 300 1s overlapped with a peripheral region of
the wiring substrate 400. In some embodiments, the side-
walls SW_,, of the wiring substrate 400 are aligned with the
reinforcement vias 304 along the direction D1. As illustrated
in FIG. 2, the topmost reinforcement pattern layer 302
includes a mesh pattern. For example, the topmost reinforce-
ment pattern layer 302 includes a plurality of through holes
exposing the underlying dielectric layer 102 (i.¢. the topmost
dielectric layer 102). In some embodiments, at least a
portion of the mesh pattern of the topmost reinforcement
pattern layer 302 1s located within a scribe line region SR
where a dicing process may be performed later. The mesh
pattern 1s able to reduce the difliculty in cutting through the
metal pattern during the subsequently dicing process. In
some embodiments, other than the topmost reinforcement
pattern layer 302, other reinforcement pattern layers 302
also 1nclude mesh patterns located within the scribe line
region SR.

Retferring to FIG. 1C, an isulating encapsulation 500 1s
formed over the redistribution circuit structure 100 and the
reinforcement structures 300 to laterally encapsulate the
wiring substrates 400. In some embodiments, the mnsulating
encapsulation 500 fills 1n the space between the wiring
substrates 400 and the redistribution circuit structure 100 to
encapsulate the conductive terminals 210. For example, the
conductive terminals 210 are embedded in the insulating
encapsulation 500 and are well protected by the insulating
encapsulation 500. In some embodiments, the insulating
encapsulation 500 also fills in the space between the wiring
substrates 400 and the remnforcement structures 300. For
example, the mnsulating encapsulation 500 encapsulates the
topmost remnforcement pattern layer 302. That 1s, the rein-
forcement structures 300 are directly in contact with the
insulating encapsulation 500. In some embodiments, the
insulating encapsulation 500 1s formed such that a top
surface of the insulating encapsulation 500 1s substantially
coplanar with a top surface of the topmost dielectric layer
424 of each wiring substrate 400. In some embodiments, a
material of the insulating encapsulation 500 includes a
molding compound, an epoxy, an underfill, a molding under-
11l (MUF), a resin, or the like. In some embodiments, the
insulating encapsulation 300 1s formed by a molding pro-
cess, an 1njection process, a combination thereot, or the like.
The molding process includes, for example, a transier mold-
Ing process, a compression molding process, or the like. In
some embodiments, the insulating encapsulation 500 may be
cured after placement.

Retferring to FIG. 1C and FIG. 1D, a de-bonding process
1s performed to remove the carrier C. That 1s, the redistri-
bution circuit structure 100 1s de-bonded from the carrier C
such that the second surface 1005 of the redistribution
circuit structure 100 1s exposed. In some embodiments, the
carrier C may be de-bonded from the redistribution circuit
structure 100 through a thermal process to alter the adhesive
properties of the adhesive layer (not shown) disposed
between the carrier C and the redistribution circuit structure
100. In some embodiments, an energy source such as an
ultraviolet (UV) laser, a carbon dioxide (CO,) laser, or an
infrared (IR) laser, 1s utilized to irradiate and heat the
adhesive layer until the adhesive layer loses at least some of
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its adhesive properties. Once being 1rradiated by the energy
source, the carrier C and the adhesive layer may be physi-
cally separated and removed from the redistribution circuit
structure 100.

In general, the dielectric layers 102 and the conductive
pattern layers 104 1n the redistribution circuit structure 100
are subjected to crack and delamination after de-bonding
from the carrier C due to severe bending stress during the
de-bonding process. The crack and delamination tend to
occur underneath edges of the wiring substrates 400. How-
ever, as mentioned above, the sidewalls SW ., of the wiring
substrates 400 are overlapped with the reinforcement struc-
tures 300 along the direction D1 perpendicular to the first
surface 100a of the redistribution circuit structure 100. That
1s, the reinforcement structures 300 are directly underneath
the edges (1.e. the sidewalls SW ) of the wiring substrates
400. In other words, the reinforcement structures 300 are
located at locations where the crack and the delamination are
likely to occur. Therefore, the remnforcement structures 300
may serve as blocking mechanisms for the crack and delami-
nation. For example, the remforcement structures 300 are
able to enhance the structure rigidity against bending stress
generated. As such, with the presence of the reimnforcement
structures 300, the crack and/or delamination issue in the
redistribution circuit structure 100 may be alleviated,
thereby enhancing the yield and reliability of the subse-
quently formed package structure 10.

Referring to FIG. 1E, a dicing process DP 1s performed on
the scribe line region SR. In some embodiments, the dicing
process DP includes a pre-cut process and a singulation
process. The dicing process DP may be performed using any
suitable dicing tool DT, such as a blade, a saw, a laser drill,
an etching process, a combination thereof, or the like. For
example, the dicing process DP typically mvolves dicing
with a rotating blade or a laser beam. In other words, the
dicing process DP 1s, for example, a laser cutting process, a
mechanical cutting process, or other suitable processes. In
some embodiments, during the dicing process DP, stress
may be generated at the regions near the scribe line region
SR, thereby causing cracks in the redistribution circuit
structure 100. However, since the reinforcement structures
300 are partially located within the scribe line region SR, the
reinforcement structures 300 are able to enhance the struc-
ture rigidity against stress generated. As such, with the
presence of the reinforcement structures 300, the crack issue
in the redistribution circuit structure 100 denived from the
dicing process DP may be alleviated, thereby enhancing the
yield and reliability of the subsequently formed packag
structure 10.

Referring to FIG. 1F, the singulated structure 1s attached
to a temporary substrate (not shown), such as a tape, watfer,
panel, frame, ring, or the like for further processing. There-
after, a semiconductor device 700 1s mounted on the second
surface 10056 of the redistribution circuit structure 100. For
example, the semiconductor device 700 1s mounted on the
redistribution circuit structure 100 opposite to the wiring
substrates 400. In some embodiments, the semiconductor
device 700 1s mounted on the redistribution circuit structure
100 such that the semiconductor device 700 is electrically
connected to the topmost conductive pattern layer 104 of the
redistribution circuit structure 100 shown m FIG. 1F. In
some embodiments, the semiconductor device 700 may be a
chip package including an interposer 710, a semiconductor
die 720, memory cubes 730, an underfill 740, an insulating
encapsulation 750, and conductive terminals 760. The semi-
conductor die 720 and the memory cubes 730 are disposed
on and electrically connected to the interposer 710. The
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undertill 740 fills the space between the interposer 710 and
the semiconductor die 720 as well as the space between the
interposer 710 and the memory cubes 730. The insulating
encapsulation 750 encapsulates the semiconductor die 720,
the memory cubes 730, and the underfill 740. The conduc-
tive terminals 760 are disposed on a bottom surface of the
interposer 710. The semiconductor device 700 1s electrically
connected to the redistribution circuit structure 100 through
the conductive terminals 760.

In some embodiments, the mterposer 710 1s a semicon-
ductor interposer (e.g., a silicon interposer) including
through semiconductor vias (e.g. through silicon vias). The
semiconductor die 720 may be logic die, a system on chip
(SOC) die, or other suitable semiconductor dies. The
memory cubes 730 may include high bandwidth memory
(HBM) cubes or other suitable memory devices. In some
embodiments, a material of the underfill 740 1s an 1msulating
material and may include a resin (e.g., epoxy resin), a filler
material, a stress release agent (SRA), an adhesion promoter,
other material, or a combination thereof. In some embodi-
ments, the insulating encapsulation 750 includes molding
compound, molding underfill (MUF), epoxy resins, phenolic
hardeners, silicas, catalysts, pigments, mold release agents,
a combination thereof, or the like. In some embodiments, the
conductive terminals 760 include ball-grid array (BGA)
balls.

As 1llustrated 1n FIG. 1F, once the semiconductor device
700 has been mounted on the redistribution circuit structure
100, an underfill 800 1s formed to fill the gap between the
semiconductor device 700 and the redistribution circuit
structure 100. In some embodiments, the conductive termi-
nals 760 are encapsulated by the underfill 800. In other
words, the conductive terminals 760 are being well pro-
tected by the underfill 800. In some embodiments, the
underfill 800 also partially covers sidewalls of the semicon-
ductor device 700. In some embodiments, a material of the
underfill 800 includes molding compound, epoxy, molding
underfill (MUF), a resin, or the like.

Referring to FIG. 1G, a plurality of conductive terminals
600 1s formed over the wiring substrates 400 to obtain a
package structure 10. In some embodiments, the conductive
terminals 600 are formed over the bottommost conductive
pattern layer 424. In some embodiments, the conductive
terminals 600 are attached to the bottommost conductive
pattern layer 424 through a solder flux. In some embodi-
ments, the conductive terminals 600 are ball grid array
(BGA) connectors, solder balls, metal pillars, and/or the
like. In some embodiments, the conductive terminals 600
may be disposed on the wiring substrates 400 through a ball
placement process and/or a reflow process.

It should be noted that the configuration of the reinforce-
ment structure 300 of the package structure 10 shown in
FIG. 1G and FIG. 2 1s merely an exemplary illustration, and
the disclosure 1s not limited thereto. In some alternative
embodiments, the reinforcement structure 300 may be
arranged differently. For example, other configuration of the
reinforcement structure will be discussed below 1n conjunc-
tion with FIG. 3 and FIG. 4.

FIG. 3 1s a schematic cross-sectional view 1llustrating an
intermediate stage of a package structure 10 1n accordance
with some alternative embodiments of the disclosure. FIG.
4 1s a schematic partial top view of the wiring substrate 400
and the reinforcement structure 300 1n FIG. 3. Referring to
FI1G. 3, the structure illustrated in FIG. 3 1s similar to the
structure 1illustrated in FIG. 1E, so similar elements are
denoted by the same reference numeral and the detailed

descriptions thereof are omitted herein. In other words, the
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structure 1llustrated 1n FIG. 3 may be obtained by perform-
ing the steps similar to the steps illustrated 1n FIG. 1A to
FIG. 1E. For simplicity, the insulating encapsulation 500 1s
omitted 1n FIG. 4. As illustrated 1n FIG. 3 and FIG. 4, the
difference between the structure illustrated 1n FIG. 3 and the
structure illustrated 1n FIG. 1E lies 1n that the scribe line
region SR 1s Iree of reinforcement pattern layer 302 1n FIG.
3. That 1s, the scribe line region SR is free of metal pattern.
As such, the dicing process DP may be easily performed
since the dicing tool DT does not require to cut through any
metal pattern having higher rigidity. Similar to the reinforce-
ment structures 300 shown in FIG. 1A to FIG. 1G, the
reinforcement structures 300 shown 1n FIG. 3 and FIG. 4 are
also able to serve as blocking mechanisms for the crack and
delamination derived from the de-bonding process shown 1n
FIG. 1C and FIG. 1D. For example, the reinforcement
structures 300 are able to enhance the structure rigidity
against bending stress generated. As such, with the presence
of the reinforcement structures 300, the crack and/or delami-
nation 1ssue 1n the redistribution circuit structure 100 may be
alleviated, thereby enhancing the yield and reliability of the
package structure 10. Moreover, during the dicing process
DP, stress may be generated at the regions near the scribe
line region SR, thereby causing cracks in the redistribution
circuit structure 100. However, since the reinforcement
structures 300 are located 1in proximity to the scribe line
region SR, the reinforcement structures 300 are able to
enhance the structure rigidity against stress generated. As
such, with the presence of the reinforcement structures 300,
the crack 1ssue in the redistribution circuit structure 100
derived from the dicing process DP may be alleviated,
thereby enhancing the yield and reliability of the package
structure 10.

FIG. 5A to FIG. 3G are schematic cross-sectional views
illustrating a manufacturing process ol a package structure
20 1 accordance with some alternative embodiments of the
disclosure. Referring to FIG. 5A, the structure illustrated 1n
FI1G. 5A 1s similar to the structure 1llustrated in FIG. 1A, so
similar elements are denoted by the same reference numeral
and the detailed descriptions thereof are omitted herein. The
difference between the structure illustrated in FIG. 5A and
the structure illustrated in FIG. 1A lies in that the reinforce-
ment structures 300 1n FIG. 1A are replaced by reinforce-
ment structures 300A 1n FIG. SA. As 1llustrated in FIG. 5A,
the reinforcement structures 300A are disposed on the first
surtace 100a of the redistribution circuit structure 100. In
some embodiments, each reinforcement structure 300A
includes a remforcement pattern layer 302A and a plurality
of reinforcement bumps 304 A disposed on the remnforcement
pattern layer 302A. In some embodiments, the remnforce-
ment bumps 304A do not completely cover the remforce-
ment pattern layer 302A. For example, at least a portion of
a top surface of the reinforcement pattern layer 302A 1s
exposed.

In some embodiments, the topmost conductive pattern
layer 104 of the redistribution circuit structure 100 and the
reinforcement pattern layer 302 A of the reinforcement struc-
ture 300A are simultaneously formed. For example, the
topmost conductive pattern layer 104 and the reinforcement
pattern layer 302A are located at the same level height. In
some embodiments, a material of the reinforcement pattern
layer 302A includes aluminum, titantum, copper, nickel,
tungsten, or alloys thereof. The reimnforcement pattern layer
302A may be formed by electroplating, deposition, and/or
photolithography and etching. On the other hand, the con-
ductive coatings 200 and the reinforcement bumps 304A of
the reimnforcement structure 300A are simultaneously
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formed. For example, the conductive coatings 200 and the
reinforcement bumps 304A are located at the same level
height. In other words, the conductive coatings 200 and at
least a portion of the reinforcement structure 300A are
simultaneously formed. In some embodiments, the rein-
forcement bumps 304A include solder material. In some
embodiments, the reinforcement bumps 304A are formed
through a printing process of pre-solder material. Since the
topmost conductive pattern layer 104 and the reinforcement
pattern layer 302A can be formed through the same process
and the conductive coatings 200 and the reinforcement
bumps 304A can be formed through the same process,
formation of the reinforcement structures 300A 1s compat-
ible with current process and does not increase additional
fabrication cost.

Referring to FIG. 5B, a plurality of wiring substrates 400
1s mounted on the first surface 100a of the redistribution
circuit structure 100. The wiring substrates 400 in FIG. 5B
are similar to the wiring substrates 400 1n FIG. 1B, so the
detailed descriptions thereol are omitted herein. As 1llus-
trated in FIG. 5B, after the wiring substrates 400 are
mounted on the first surface 100a of the redistribution circuit
structure 100, the remnforcement structures 300A are spaced
apart from the wiring substrates 400. Moreover, the rein-
forcement structures 300A are located between the redistri-
bution circuit structure 100 and the wiring substrates 400.
The relative configuration of the wiring substrate 400 and
the reinforcement structure 300A will be described below 1n
conjunction with FIG. 6A and FIG. 6B.

FIG. 6A 1s a schematic partial top view of the wiring
substrate 400 and the reinforcement structure 300A 1n FIG.
5B. Referring to FIG. 5B and FIG. 6A, sidewalls SW_, of
the wiring substrates 400 are overlapped with the remnforce-
ment structures 300A along a direction D1 perpendicular to
the first surface 100a of the redistribution circuit structure
100. For example, when the first surface 100a of the
redistribution circuit structure 100 extends along a direction
D2, a vertical projection of the wiring substrate 400 onto the
reinforcement structure 300A along the direction D1 1s
partially overlapped with the reinforcement structure 300A.
That 1s, the reinforcement structure 300A 1s overlapped with
a peripheral region of the wiring substrate 400. In some
embodiments, the sidewalls SW_,, of the wiring substrates
400 are aligned with the reinforcement bumps 304 A along
the direction D1. As 1llustrated in FIG. 6A, the scribe line
region SR 1s free of metal pattern. As such, the subsequent
dicing process may be easily performed since the dicing tool
does not require to cut through any metal pattern having
higher rigidity. As illustrated 1n FIG. 6 A, the reinforcement
bumps 304 A are shown as rectangular bumps from the top
view. However, the disclosure 1s not limited thereto. In some
alternative embodiments, the reinforcement bumps 304A
may take other shapes.

FIG. 6B 1s a schematic partial top view of the wiring
substrate 400 and the reinforcement structure 300 1n FIG. 5B
in accordance with some alternative embodiments of the
disclosure. As 1illustrated in FIG. 6B, the reinforcement

bumps 304 A are shown as circular bumps from the top view.
Referring to FIG. 5C to FIG. 5D, the steps illustrated 1n

FIG. 5C to FIG. 5D are similar to the steps 1llustrated in FIG.
1C to FIG. 1D, so similar elements are denoted by the same
reference numeral and the detailed descriptions thereof are
omitted herein. As i1llustrated 1n FI1G. 5C, the reinforcement
structures 300A are in direct contact with the insulating
encapsulation 500. For example, the insulating encapsula-
tion 500 1s 1n direct contact with each reinforcement pattern
layer 302 A and each reinforcement bump 304 A such that the
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reinforcement structures 300A are embedded 1n the msulat-
ing encapsulation 500. As illustrated 1n FIG. 5C and FIG.
5D, the redistribution circuit structure 100 1s de-bonded
from the carrier C such that the second surface 1005 of the
redistribution circuit structure 100 1s exposed.

In general, the dielectric layers 102 and the conductive
pattern layers 104 1n the redistribution circuit structure 100
are subjected to crack and delamination after de-bonding
from the carrier C due to severe bending stress during the
de-bonding process. The crack and delamination tend to
occur underneath edges of the wiring substrates 400. How-
ever, as mentioned above, the sidewalls SW ., of the wiring
substrates 400 are overlapped with the reinforcement struc-
tures 300A along the direction D1 perpendicular to the first
surface 100a of the redistribution circuit structure 100. That
1s, the reinforcement structures 300A are directly underneath
the edges (1.e. the sidewalls SW,,) of the wiring substrates
400. In other words, the reinforcement structures 300A are
located at locations where the crack and the delamination are
likely to occur. Therefore, the reinforcement structures 300A
may serve as blocking mechanisms for the crack and delami-
nation. For example, the reinforcement structures 300A are
able to enhance the structure rigidity against bending stress
generated. As such, with the presence of the reimnforcement
structures 300A, the crack and/or delamination 1ssue 1n the
redistribution circuit structure 100 may be alleviated,
thereby enhancing the yield and reliability of the subse-
quently formed package structure 20.

Referring to FIG. 5E to FIG. 3G, a package structure 20
1s obtained. The steps 1llustrated in FIG. SE to FIG. 3G are
similar to the steps illustrated in FIG. 1E to FIG. 1G, so
similar elements are denoted by the same reference numeral
and the detailed descriptions thereof are omitted herein. As
illustrated 1n FIG. 5E, a dicing process DP 1s performed on
the scribe line region SR. In some embodiments, during the
dicing process DP, stress may be generated at the regions
near the scribe line region SR, thereby causing cracks in the
redistribution circuit structure 100. However, since the rein-
forcement structures 300A are located in proximity to the
scribe line region SR, the reinforcement structures 300A are
able to enhance the structure rigidity against stress gener-
ated. As such, with the presence of the reinforcement
structures 300A, the crack 1ssue 1n the redistribution circuit
structure 100 dernived from the dicing process DP may be
alleviated, thereby enhancing the yield and reliability of the
package structure 20.

Other configuration of the reinforcement structures will
be discussed below 1n conjunction with FIG. 7 to FIG. 14.

FIG. 7 to FIG. 14 are schematic cross-sectional views
illustrating package structures in accordance with various
embodiments of the disclosure.

Referring to FIG. 7, a package structure 20A 1s shown.
The package structure 20A 1 FIG. 7 1s similar to the
package structure 20 1n FIG. 5G, so similar elements are
denoted by the same reference numeral and the detailed
descriptions thereof are omitted hereimn. The difference
between the package structure 20A 1llustrated in FIG. 7 and
the package structure 20 1llustrated 1n FIG. 5G lies 1n that the
reinforcement structure 300A 1 FIG. 3G 1s replaced by a
reinforcement structure 300B 1n FIG. 7. As illustrated in
FIG. 7, the reinforcement structure 300B 1s a combination of
a reinforcement structure 300 and a reinforcement structure
300A. The reinforcement structure 300 in FIG. 7 1s similar
to the reinforcement structure 300 1n FIG. 1G, so the detailed
description thereof 1s omitted herein. On the other hand, the
reinforcement structure 300A 1 FIG. 7 1s similar to the
reinforcement structure 300A 1in FIG. 5G, so the detailed
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description thereof 1s omitted herein. Similar to the rein-
forcement structure 300 in FIG. 1G and the reinforcement
structure 300A 1n FIG. 5G, the reinforcement structure 3008
may also enhance the structure rigidity against bending
stress generated by the de-bonding process and cutting stress
generated by the dicing process. As such, with the presence
of the reinforcement structure 300B, the crack and/or
delamination 1ssue in the redistribution circuit structure 100
may be alleviated, thereby enhancing the yield and reliabil-
ity of the package structure 20A.

Referring to FIG. 8, a package structure 30 1s shown. The
package structure 30 1n FIG. 8 1s similar to the package
structure 10 1n FIG. 1G, so similar elements are denoted by
the same reference numeral and the detailed descriptions
thereol are omitted herein. The difference between the
package structure 30 illustrated 1n FIG. 8 and the package
structure 10 1llustrated 1n FIG. 1G lies 1n that the reinforce-
ment structure 300 1n FIG. 1G 1s replaced by a reinforcement
structure 300C 1n FIG. 8. As illustrated in FIG. 8, the
reinforcement structure 300C 1s disposed on a first surface
400a of the wiring substrate 400. In some embodiments, the
reinforcement structure 300C exhibits a ring shape from a
top view. In some embodiments, the ring-shaped remnforce-
ment structure 300C extends along four edges of the first
surface 400a of the wiring substrate 400. For example,
sidewalls SW,,,~ of the reinforcement structure 300C are
aligned with sidewalls SW ,, of the wiring substrate 400. As
illustrated in FIG. 8, the reinforcement structure 300C 1s
embedded 1n the 1insulating encapsulation 500. For example,
the reinforcement structure 300C 1s 1n direct contact with the
insulating encapsulation 500. In some embodiments, the
reinforcement structure 300C 1s spaced apart from the
redistribution circuit structure 100. For example, the rein-
forcement structure 300C 1s separated from the redistribu-
tion circuit structure 100 by the isulating encapsulation
500.

In some embodiments, the reinforcement structure 300C
1s made of polymeric materials. For example, a material of
the remnforcement structure 300C includes polyimide, epoxy
resin, acrylic resin, phenol resin, BCB, PBO, or a combi-
nation thereof. In some embodiments, the reinforcement
structure 300C 1s formed on the first surface 400a of the
wiring substrate 400 through a printing process, a dispensing
process, a combination thereot, or the like. In some embodi-
ments, the reinforcement structure 300C may be cured after
being placed on the first surface 400a of the wiring substrate
400.

Similar to the reinforcement structure 300 1n FIG. 1G, the
reinforcement structure 300C may also enhance the structure
rigidity against bending stress generated by the de-bonding
process. As such, with the presence of the reinforcement
structure 300C, the crack and/or delamination 1ssue in the
redistribution circuit structure 100 may be alleviated,
thereby enhancing the yield and rehability of the package
structure 30.

Referring to FIG. 9, a package structure 30A 1s shown.
The package structure 30A 1 FIG. 9 1s similar to the
package structure 30 in FIG. 8, so similar elements are
denoted by the same reference numeral and the detailed
descriptions thereof are omitted herein. The diflerence
between the package structure 30A illustrated 1n FIG. 9 and
the package structure 30 illustrated 1n FIG. 8 lies 1in that the
reinforcement structure 300C i FIG. 8 1s replaced by a
reinforcement structure 300D 1n FIG. 9. As illustrated in
FI1G. 9, the reinforcement structure 300D 1s a combination of
a reinforcement structure 300 and a reinforcement structure
300C. The reinforcement structure 300 1n FIG. 9 1s similar
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to the reinforcement structure 300 1n FIG. 1G, so the detailed
description thereof 1s omitted herein. On the other hand, the
reinforcement structure 300C i FIG. 9 1s similar to the
reinforcement structure 300C 1n FIG. 8, so the detailed
description thereof 1s omitted herein. Similar to the rein-
forcement structure 300 in FIG. 1G and the reinforcement
structure 300C 1n FIG. 8, the reinforcement structure 300D
may also enhance the structure rigidity against bending
stress generated by the de-bonding process and cutting stress
generated by the dicing process. As such, with the presence
of the reinforcement structure 300D, the crack and/or
delamination 1ssue 1n the redistribution circuit structure 100
may be alleviated, thereby enhancing the yield and reliabil-
ity of the package structure 30A.

Referring to FIG. 10, a package structure 30B 1s shown.
The package structure 30B i FIG. 10 1s similar to the
package structure 30 1n FIG. 8, so similar elements are
denoted by the same reference numeral and the detailed
descriptions thereof are omitted herein. The diflerence
between the package structure 30B 1llustrated in FIG. 10 and
the package structure 30 illustrated 1n FIG. 8 lies 1n that the
reinforcement structure 300C in FIG. 8 1s replaced by a
reinforcement structure 300E 1n FIG. 10. As 1llustrated in
FI1G. 10, the reinforcement structure 300E 1s a combination
of a reinforcement structure 300, a reinforcement structure
300A, and a reinforcement structure 300C. The reinforce-
ment structure 300 1n FIG. 10 1s stmilar to the reinforcement
structure 300 in FIG. 1G, so the detailed description thereof
1s omitted herein. On the other hand, the reinforcement
structure 300A 1 FIG. 10 1s similar to the reinforcement
structure 300A 1n FIG. 5G, so the detailed description
thereot 1s omitted herein. Moreover, the reinforcement struc-
ture 300C 1n FIG. 10 1s similar to the reinforcement structure
300C 1n FIG. 8, so the detailed description thereof 1s omitted
herein. Similar to the reinforcement structure 300 1in FIG.
1G, the reinforcement structure 300A 1n FIG. 5G, and the
reinforcement structure 300C 1n FIG. 8, the reinforcement
structure 300E may also enhance the structure rigidity
against bending stress generated by the de-bonding process
and cutting stress generated by the dicing process. As such,
with the presence of the reinforcement structure 300E, the
crack and/or delamination 1ssue in the redistribution circuit
structure 100 may be alleviated, thereby enhancing the vield
and reliability of the package structure 30B.

Referring to FI1G. 11, a package structure 40 1s shown. The
package structure 40 in FIG. 11 1s similar to the package
structure 10 1n FIG. 1G, so similar elements are denoted by
the same reference numeral and the detailed descriptions
thereof are omitted herein. The difference between the
package structure 40 1llustrated 1n FIG. 11 and the package
structure 10 illustrated i FIG. 1G lies in that the reinforce-
ment structure 300 1 FIG. 1G 1s omitted 1n the package
structure 40 of FIG. 11. Moreover, the wiring substrate 400
in the package structure 40 of FIG. 11 has beveled edges
4004. In some embodiments, corners on one side of the
wiring substrate 400 are cut to form the beveled edges 4004.
In some embodiments, the beveled edges 4004 are tapered
surfaces. As 1llustrated 1n FIG. 11, the wiring substrate 400
has a first surface 400a, a second surface 4005, sidewalls
400¢, and the beveled edges 4004. In some embodiments,
the second surface 4005 1s opposite to the first surface 400aq.
The sidewalls 400¢ are connected to the second surface
4000. On the other hand, the beveled edges 400d are
connected to the sidewalls 400c¢ and the first surface 400aq.
In other words, the sidewalls 400¢ connect the second
surface 4005 and the beveled edges 4004 while the beveled
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400a. In some embodiments, each beveled edge 4004 and
the first surface 400a form an included angle 0 greater than

90° and less than 180°. That 1s, each beveled edge 4004 and

the first surface 400a form an obtuse angle. In some embodi-
ments, the beveled edges 4004 are formed to face the
redistribution circuit structure 100. Similar to the reinforce-
ment structure 300 1n FIG. 1G, the beveled edges 4004
formed on the wiring substrate 400 may also enhance the
structure rigidity against bending stress generated by the
de-bonding process. As such, with the presence of the
beveled edges 4004, the crack and/or delamination 1ssue in
the redistribution circuit structure 100 may be alleviated,
thereby enhancing the yield and reliability of the package
structure 40.

Retferring to FIG. 12, a package structure 40A 1s shown.
The package structure 40A 1 FIG. 12 1s similar to the
package structure 40 1 FIG. 11, so similar elements are
denoted by the same reference numeral and the detailed
descriptions thereof are omitted heremn. The difference
between the package structure 40A 1llustrated in FIG. 12 and
the package structure 40 illustrated 1n FIG. 11 lies 1n that the
package structure 40A 1 FIG. 12 further includes a rein-
forcement structure 300 partially embedded in the redistri-
bution circuit structure 100. In some embodiments, the
reinforcement structure 300 1s directly 1n contact with the
insulating encapsulation 500. The reinforcement structure
300 in FIG. 12 1s similar to the reinforcement structure 300
in FIG. 1G, so the detailed description thereof 1s omitted

herein. Similar to the beveled edges 4004 1n FIG. 11 and the

reinforcement structure 300 1n FIG. 1G, the combination of
the beveled edges 4004 and the reinforcement structure 300
in FIG. 12 may also enhance the structure rigidity against
bending stress generated by the de-bonding process and
cutting stress generated by the dicing process. As such, with
the presence of the beveled edges 4004 and the remforce-
ment structure 300, the crack and/or delamination 1ssue in
the redistribution circuit structure 100 may be alleviated,
thereby enhancing the yield and rehability of the package
structure 40A.

Referring to FIG. 13, a package structure 40B 1s shown.

The package structure 40B 1 FIG. 13 1s similar to the
package structure 40 1n FIG. 11, so similar elements are
denoted by the same reference numeral and the detailed
descriptions thereof are omitted herein. The diflerence
between the package structure 40B 1llustrated in FIG. 13 and
the package structure 40 illustrated 1n FIG. 11 lies 1n that the
package structure 40B 1 FIG. 13 further includes a rein-
forcement structure 300B partially embedded in the redis-
tribution circuit structure 100. In some embodiments, the
reinforcement structure 3008 i1s partially disposed on the
redistribution circuit structure 100 and 1s partially located
between the redistribution circuit structure 100 and the
wiring substrate 400. In some embodiments, the reinforce-
ment structure 3008 1s directly 1n contact with the mnsulating
encapsulation 500. The reinforcement structure 300B 1n
FIG. 13 1s similar to the reinforcement structure 300B 1n
FIG. 7, so the detailed description thereot 1s omitted herein.
Similar to the beveled edges 4004 in FIG. 11 and the
reinforcement structure 300B 1n FIG. 7, the combination of
the beveled edges 4004 and the remnforcement structure
300B 1n FIG. 13 may also enhance the structure ngidity
against bending stress generated by the de-bonding process
and cutting stress generated by the dicing process. As such,
with the presence of the beveled edges 4004 and the rein-
forcement structure 300B, the crack and/or delamination
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issue 1n the redistribution circuit structure 100 may be
alleviated, thereby enhancing the yield and reliability of the
package structure 40B.

Referring to FIG. 14, a package structure 40C 1s shown.
The package structure 40C 1 FIG. 14 1s similar to the
package structure 40 1in FIG. 11, so similar elements are
denoted by the same reference numeral and the detailed
descriptions thereof are omitted hereimn. The difference
between the package structure 40C 1llustrated 1n FIG. 14 and
the package structure 40 illustrated in FI1G. 11 lies 1n that the
package structure 40C 1 FIG. 14 further includes a rein-
forcement structure 300C which covers the beveled edges
4004 of the wiring substrate 400. In some embodiments,
sidewalls SW, .~ of the reinforcement structure 300C are
aligned with sidewalls 400¢ of the wiring substrate 400. In
some embodiments, the reinforcement structure 300C 1s
directly 1n contact with the insulating encapsulation 500.
The reinforcement structure 300C 1n FIG. 14 1s sumilar to the
reinforcement structure 300C 1n FIG. 8, so the detailed
description thereof 1s omitted herein. Similar to the beveled
edges 4004 1n FIG. 11 and the reinforcement structure 300C
in FIG. 8, the combination of the beveled edges 4004 and the
reinforcement structure 300C 1n FIG. 14 may also enhance
the structure rigidity against bending stress generated by the
de-bonding process and cutting stress generated by the
dicing process. As such, with the presence of the beveled
edges 4004 and the reinforcement structure 300C, the crack
and/or delamination 1ssue 1n the redistribution circuit struc-
ture 100 may be alleviated, thereby enhancing the yield and
reliability of the package structure 40C.

In accordance with some embodiments of the disclosure,
a package structure includes a redistribution circuit struc-
ture, a wiring substrate, a semiconductor device, an msulat-
ing encapsulation, and a reinforcement structure. The redis-
tribution circuit structure has a first surface and a second
surface opposite to the first surface. The wiring substrate 1s
disposed on the first surface of the redistribution circuit
structure. The semiconductor device i1s disposed on the
second surface of the redistribution circuit structure. The
insulating encapsulation laterally encapsulates the wiring
substrate. The reinforcement structure 1s directly 1n contact
with the insulating encapsulation.

In accordance with some alternative embodiments of the
disclosure, a package structure includes a redistribution
circuit structure, a wiring substrate, a semiconductor device,
and an 1insulating encapsulation. The wiring substrate is
disposed on the redistribution circuit structure. The wiring
substrate has beveled edges. The semiconductor device 1s
disposed on the redistribution circuit structure opposite to
the wiring substrate. The msulating encapsulation laterally
encapsulates the wiring substrate.

In accordance with some embodiments of the disclosure,
a manufacturing method of a package includes at least the
tollowing steps. A carrier 1s provided. A redistribution circuit
structure having a first surface and a second surface opposite
to the first surface 1s formed. A reinforcement structure 1s
formed over the carrier. A wiring substrate 1s mounted on the
first surface of the redistribution circuit structure. A sidewall
of the wiring substrate 1s overlapped with the remnforcement
structure along a direction perpendicular to the first surface
of the redistribution circuit structure. The wiring substrate
and the reinforcement structure are encapsulated by an
insulating encapsulation. The redistribution circuit structure
1s de-bonded from the carrier. A semiconductor device is
mounted on the second surface of the redistribution circuit
structure.
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The foregoing outlines features of several embodiments
so that those skilled 1n the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A package structure, comprising:

a redistribution circuit structure comprising dielectric

layers;

a wiring substrate disposed on the redistribution circuit
structure;

a semiconductor device disposed on the redistribution
circuit structure opposite to the wiring substrate;

an 1nsulating encapsulation laterally encapsulating the
wiring substrate; and

a reinforcement structure partially embedded 1n the redis-
tribution circuit structure and partially embedded in the
insulating encapsulation, wherein the reinforcement
structure comprises reinforcement pattern layers and
reinforcement vias, the reinforcement pattern layers
and the dielectric layers are stacked alternately, the
reinforcement vias penetrate through the dielectric lay-
ers to connect the reinforcement pattern layers, and the
reinforcement structure 1s electrically floating.

2. The package structure of claim 1, wherein a sidewall of
the wiring substrate i1s overlapped with the reinforcement
structure from a top view.

3. The package structure of claim 1, wherein the topmost
reinforcement pattern layer 1s embedded in the insulating
encapsulation.

4. The package structure of claim 3, wherein the rein-
forcement structure further comprises reinforcement bumps
disposed on the topmost reinforcement pattern layer, and the
reinforcement bumps are embedded 1n the 1nsulating encap-
sulation.

5. The package structure of claim 1, wherein the rein-
forcement structure 1s made of conductive materials.

6. The package structure of claim 1, wherein the redis-
tribution circuit further comprises conductive pattern layers
and conductive vias, the conductive vias penetrate through
the dielectric layers to connect the conductive pattern layers,
and the topmost conductive pattern layer and the topmost
reinforcement pattern layer are located at a same level
height.

7. The package structure of claim 6, wherein the bottom-
most conductive pattern layer and the bottommost reinforce-
ment pattern layer are located at a same level height.

8. The package structure of claim 1, wherein the semi-
conductor device 1s 1n physical contact with the redistribu-
tion circuit structure.

9. A package structure, comprising:

a redistribution circuit structure:

a wiring substrate and a semiconductor device disposed
on two opposite sides of the redistribution circuit
structure;

an 1nsulating encapsulation laterally encapsulating the
wiring substrate; and

a first remnforcement structure embedded 1n the msulating
encapsulation, wherein the first reinforcement structure
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1s located between the redistribution circuit structure
and the wiring substrate, and the first remnforcement
structure comprises a first reinforcement pattern layer
and reinforcement bumps disposed on the first rein-
forcement pattern layer.

10. The package structure of claim 9, wherein a sidewall
of the wiring substrate 1s overlapped with the first reinforce-
ment structure from a top view.

11. The package structure of claim 9, further comprising
a second reinforcement structure, and the second reinforce-
ment structure 1s embedded in the redistribution circuit
structure.

12. The package structure of claam 11, wherein the
redistribution circuit structure comprises dielectric layers,

conductive pattern layers, and conductive vias, the conduc-
tive pattern layers and the dielectric layers are stacked
alternately, the conductive vias penetrate through the dielec-
tric layers to connect the conductive pattern layers, the
second reinforcement structure comprises second reinforce-
ment pattern layers and reinforcement vias, the second
reinforcement pattern layers and the dielectric layers are
stacked alternately, and the reinforcement vias penetrate
through the dielectric layers to connect the second remnforce-
ment pattern layers.

13. The package structure of claim 11, wherein the second
reinforcement structure 1s made of conductive materals.

14. The package structure of claim 9, wherein the first
reinforcement structure 1s made of conductive matenals.

15. The package structure of claim 9, wherein the rein-
forcement bumps are rectangular bumps or circular bumps
from a top view.

16. The package structure of claim 9, wherein the {first
reinforcement pattern layer comprises aluminum, titanium,
copper, nickel, tungsten, or alloys thereof.
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17. The package structure of claim 9, wherein the rein-
forcement bumps comprises solder materials.
18. A manufacturing method of a package structure,
comprising;
providing a carrier;
simultaneously forming a redistribution circuit structure
and a reinforcement structure over the carrier, wherein
the redistribution circuit structure comprises dielectric
layers, the reinforcement structure comprises reinforce-
ment pattern layers and reinforcement vias, the rein-

forcement pattern layers and the dielectric layers are
stacked alternately, the reinforcement vias penetrate

through the dielectric layers to connect the reinforce-
ment pattern layers, and the reinforcement structure 1s
clectrically floating;

mounting a wiring substrate on the redistribution circuit

structure;

encapsulating the wiring substrate and a portion of the

reinforcement structure by an insulating encapsulation;
de-bonding the redistribution circuit structure from the
carrier; and

mounting a semiconductor device on the redistribution

circuit structure opposite to the wiring substrate.

19. The method of claim 18, wherein the redistribution
circuit structure further comprises conductive pattern layers
and conductive vias, the conductive vias penetrate through
the dielectric layers to connect the conductive pattern layers,
and the conductive pattern layer and the corresponding
reinforcement pattern layer located at a same level height are
simultaneously formed.

20. The method of claim 19, further comprising forming,
conductive coatings over the topmost conductive pattern
layer of the redistribution circuit structure and the topmost
reinforcement pattern layer of the reinforcement structure.
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